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POLLEN MORPHOLOGY OF TRILLIUM 


A WEI Zhong- Xin 
(Laboratory o f Biodiversity & Biogeography, Kunming Institute o f Botany, Chinese Academy o f Sciences, 
Kunming 650204) 


Abstract The pollen of 23 species of Trillium was examined by LM, SEM and TEM. The result 
showed that the pollen shape, the size and the aperture type are similar basically, characterized by 
spherical or subspherical pollen grains, inaperturate, size ranging from 20-38 um in diameter. The 
exine sculpture, however, shows different and four types are recognized, ie., granulate-, 
verrucate—, starred-and spinulate types. The wall exine stratification is faint in most species except 
T. grandiflorum and T. catesbaei which have obvious tectum and collumellae in wall structure. T. 
lancifolia and T. lanceolatum have different sculpture, the former has granulate sculpture,the latter 
starred sculpture .Palynology suggests that the two species be treated as separate species. 


Key words Pollen morphology, Trilium 


The genus Trillium L., together with Paris L., Medeola L. and Scoliopus Torr. composes the family 
Trilliaceae according to most taxonomists, though some authors retained it in Liliaceae. In the family, 
Trillium is the largest genus with 50 or so species distributed disjumctly between North America and east- 
ern Asia, other two genera Medeola and Scoliopus are small and restricted to North America, especially in 
eastern N. America 7? , Freeman J.D. divided the genus Trillium into two subgenera, subgerus Trillium 


amd subgerus Phyllanterum, the former comprises the pedicellate-flowered species and the latter 
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includes all other sessile-flowered species except T. pusillum which has pedicellate and sessile forms.Free- 
man believes that the pedicellate-flowered species probably preceded the sessile-flowered ones 
phylogenetically by reason of the presence pedicels in more primitive related genus Paris. In general, the 
external morphology of the two genera is similar except for the leaf number and flowermery,i.e., Trillium 
with a whorl of 3 leafy bracts and trimerous flower, and Paris a whorl of 4 leafy bracts and tetramerous 
flower. Paris distributes in north timperate zone from Asia to Europe, and Trillium in both Asia and North 
America. 

In Trillium, the remarkable uniformity in external morphology and internal structure makes the 
delimitation of interspecies difficult,some species which were separated by some taxonomists are incorpo- 
rated into one species by other authors,for example T. lanci folia and T.lanceolatum. Palynology data 
sometime possess the potential in determing the delimitation of species and in assessing the taxonomic rela- 
tionships. i | 

Pollen morphology of Trillium has beem studied by Ikuse (1965) , Nair& Sharma (1965) and 
Takahashi M. ??) , Takahashi examined 17 species from North America in 1982 and five species and two 
interspecies hybrids from eastern Asia in 1983 ,and his study being the most detailed and systematic so far. 
However, because of the large number of species in the genus, his study has not involved half of the total 
species of the genus, it is necessary to examine the other more than half species for summarizing the pollen 
morphology character of the whole genus. In this paper, 23 species have been examined by SEM and TEM 
(14 species). From the comparison four types of exine sculptures are divided. We hope that this study 
would supply a deficiency in pollen morphology of the genus and provide some additional data for the 
classification and systematic study of Trillium.. 


Materials and Methods 


All pollen grains were removed from herbarium material deposited at the University of Southwestern 
Louisiana (LAF) and the collections and locations are listed in Appendix. 

Pollen was treated by 5% KOH first and then acetolyzed after the method of Erdtman (1960). Pollen 
sizes are based on the measurement of 15— 20 acetolyzed pollen grains mounded on slides with a 
polystyrene mounting medium. For SEM, acetolyzed pollen was dehydrated in an alcohol series and 
mounted on stubs with the high vacuum Wax Apiezon W- 100, coated with gold palladium by Balzer CDS 
040, viewed and photographed with a Hitachi S—450 scanning electron microscope. However, due to the 
very thin pollen wall, the acetolyzed pollen of most species collapsed and the shape of the pollen grain 
changed very much, unacetolyzed pollen was mounted directly on stubs and photographed again as the 
same manner stated above. For TEM, acetolyzed pollen was put into 1% heated agar, after centrifugation 
and cool, cut the bottom part of agar containing pollen and dehydrated in an alcohol series from 30% to 
100% and at last in 100% acetone. After 2—3 changes of acetone, the agar containing pollen sample was 
embedded in Spurr's low viscosity resin, sectioned and stained with Patassium Permanganate (KMn0Q,), 


and viewed and photographed with a Hitachi H—600 transmission electron microscope. 
Result 


All species of Trillium examined in this study have pollen grains characterized by spherical or 


subspherical (rarely) shape, inaperture, size ranging from 20 to 38 um in diameter. Four types of sculpture. 
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are recognized, that is granulate-, verrucate-, starred- and spinulate types. The pollen wall has very thin 
exine which is usually collapsed and make the shape change form time to time. The pollen wall 
stratification is faint except T. grandi florum and T. catesbaei which have stratified wall structure composed 


of tectum, collmellae and footlayer. 
Detailed Description 


T. stamineum (plate I : 1—4; IV-A) 

pollen grain spherical to subspherical, inaperturate, size ranging from 22 to 36 um in diameter, exine 
sculpture is composed of verrucae, and two types of verrucae can be recognized, one is more than 1 um, the 
other 0.3—1 um. the surface of verrucae is striato—reticulate, the pollen wall is unstratified, composed only 
of verrucae and the underlying very thin footlayer. 

T: decumbens (plate I : 7—8; IV-B) 

Pollen grain spherical, inaperturate, size 20— 38 um in diameter, exine sculpture is comprised of 
granula which are multangular and evenly distributed over the wall surface of pollen. The pollen wall is 
unstratified, composed only of granula and underlying, discontinuous, very thin footlayer. 

T. discolor (plate I : 5—6; IV- C) 

Pollen grain spherical or subspherical, inaperturate, size ranging from 18 to 28 um in diameter. Exine 
sculpture is composed of granula which are multangular. The pollen wall is unstratified, composed only of 
granula and the underlying, discontinuously very thin foolayer. 

T. gleasoni (plate T : 9—10; IV-D) 

Pollen grain spherical, inaperturate, size 20—32 um in diameter. Exine sculpture is composed of small 
and compact granula which are multangular. Pollen wall is unstratified and only composed of granula and 
underlying thin footlayer. 

T. grandi florum (plate I : 11—12; IV - E) 

Pollen grain spherical, inaperturate, size ranging from 24 to 36 um in diameter. Exine surface is cov- 
ered by extremely few and scattered (sparse) Spinulose, but the surface between the spinulose is rugulate. 
The pollen wall is stratified and three layers are recognized, that is relatively continuous tectum, poorly de- 
veloped columellae and footlayer. 

T. lanceolatum (plate I : 13—15; IV-F) . 

Pollen grain spherical, inaperturate, size 26— 34 um in diameter. Exine sculpture is composed of 
sparsely starred units which are above 1.5 um in diameter and easily separate from wall surface (plate T 
:15) The surface between starred units is scabrate— — rugulate The pollen wall is unstratified and only 
composed of starred units and the underlying footlayer. 

T. recurvatum (plate I : 16—17; IV -G) 

Pollen grain spherical, inaperturate, size ranging form 22 to 32 um in diameter. Exine surface is cov- 
ered by starred units which are smaller than that in T. lanceolatum, ca.1 um in diameter but densely distri- 
bution. The pollen wall is unstratified, composed only of starred units and the underlying footlayer. 

T. catesbaei (Plate II: 1—4; IV -H) l 

Pollen grain spherical, inaperturate, size ranging from 20 to 30 um in diameter. Exine sculpture is 
composed of granula which are round and smooth ca. 0.5 to 1 um in diameter. Pollen wall is stratified and 


can be divided into discontinuous tectum, distinctive and high columellae and relatively thick footlayer. 
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Under the footlayer, a thin lamellate layer (endexine ?) can be seen (plate IV-H) 

T. flexipes (plate II :5—6) 

Pollen grain spherical, inaperturate, size ranging from 23 to 28 um in diameter. Exine sculpture is 
composed of granula 

T. reliquum (plate II: 7—8) 

Pollen grain spherical, inaperturate, size ranging from 24 to 30 um in diameter. Exine sculpture is 
composed of granula and two kinds of which are recognized, one is large but irregular in shape, the other 
smaller. 

T. viride (plate II: 9—10) 

Pollen grain spherical, inaperturate, size ranging from 22 to 28 um in diameter. Exine sculpture is 
composed of different size of granula which are smooth. 

T. sessile (plate II: 11—12; IV-1, J, K) 

Pollen grain spherical, inaperturate, size ranging from 22 to 30 um in diametor. Exine sculpture is 
composed of different sized granula. Pollen wall is unstratified, composed only of granules and underlying 
footlayer. The granules stand side by side on the footlayer (plate IV —7, K). | 

T. lancifolium (plate II: 13—14) 

Pollen grain spherical, inaperturate, size ranging from 20 to 30 um in diameter. Exine sculpture is 
composed of different sized granules which are smooth. 

l T. maculatm (plate II: 15—16) 

Pollen grain spherical, inaperturate, size ranging from 24 to 32 um in diameter. Exine sculpture is 
composed of various sizes and shapes of granules. 

T. gracile (plate II: 17—18) 

Pollen grain spherical, inaperturate, size ranging from 25 to 33 um in diameter. Exine sculpture is 
composed of different sized granules which are round and smooth. 

T. erectum (plate Ill: 1—2; IV -L, M, N) 

Pollen grain spherical, inaperturate, size ranging from 22 to 30 um in diameter. Exine sculpture is 
composed of various sized granules which are round and smooth. Pollen wall is unstrarified, only com- 
posed of numerous granula and underlying footlayer. 

T. vaseyi (plate III: 3—6; IV —O) 

Pollen grain spherical, inaperturate, size ranging from 20 to 30 Hm in diameter. Exine sculpture is 
composed of various sizes of granules which are round and smooth. Pollen wall is unstratified, composed 
only of granules and underlying footlayer which is basically continuous. 

T. texanum (plate III: 7—8; IV -P) 

Pollen grain spherical, inaperturate, size ranging from 24 to 28 um in diameter. Exine sculpture is 
composed of small granules which are compactly distributed over the surface of pollen grain. Pollen wall is 
unstratified, composed only of granula and underlying, thin and discontinuous footlayer. 

T. foetidissimum (plate III: 9—10; IV -Q) 

Pollen grain spherical, inaperturate, size ranging from 24 to 28 um in diameter. Exine sculpture is 
composed of various sized and shaped granules. Pollen wall is unstratifiod, only composed of granula and 
thin, discontinuous footlayer. 

T. ludovicianum (plate Ill: 13—14) 
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Pollen grain spherical, inaperturate, size ranging from 25 to 30 um in diameter. Exine sculpture is 
composed of different sized granules which are round and smooth. 

T. rugelii (plate III: 11—12; IV - R) 

Pollen grain spherical, inaperturate, size ranging from 24 to 32 um in diameter. Exine sculptue is com- 
posed of different sized granules which are smooth. Pollen wall is unstratified, composed only of granula 
and thin, discontinuous foolayer. 

T. cuneata (plate III: 15—16) 

Pollen grain spherical, inaperturate, size ranging from 24 to 28 um in diameter. Exine sculpture is 
composed of granules which are round and smooth but unevenly distributed over the surface of the pollen 
grain. 

T. underwoodii (plate III: 17—18) 

Pollen grain spherical, inaperturate, size ranging from 24 to 32 um in diameter. Exine sculpture is 


composed of different sized granules which are unevenly distributed over the surface of the pollen grain. 
Discussion 


From above description of pollen morphology of Trillium, we can see there are no remarkable differ- 
ence in pollen shape, size and aperture among different species. The greatest variation was observed in 
exine sculpture, of which four types are recognized: 

a) granular sculpture which can be subdivided into two kinds, one kind of granules is round and 
smooth, for example T. catesbaei, T. gracile, T. erectum, T. vaseyi etc; the other kind of granules is 
multangular, such as 7. decumbens, T. discolor and T. gleasoni. 

b) verrucate sculpture, only one species, T. stamineum. 

C) starred sculpture, i. e., T. lanceolatum and T. recurvatum. 

d) spinulate sculpture, only one species, T. grandi florum. 

As far as the wall structure is concerned, most species in the genus have only faint stratification and 
the wall exine is composed only of granules, verrucae, spinules or other structure units and the underlying, 
thin footlayer. T. grandiflorum and T. catesbaei, however, have stratified exine structure composed of 
tectum, poorly developed columellae and footlayer, especially in 7. catesbaei, the exine structure at 
nonapertural area consists of perforate and thick tectum, well-developed columellae and thick footlayer, 
the columellae stand side by side on the footlayer, and two columellae support a tectum unit (plate IV —H), 
the footlayer is underlain by a thin lamella (endexine ?). The exine structure of T. catesbaei is very similar 
to that of Paris ^ . 

T. lanceolatum and T. lancifolium have been treated as one species by some authors, such as Gates 
(1917), Freeman (1975) and Takahashi (1982). The pollen morphology, especially the exine sculpture, 
however, shows that the two species are remarkably different, T. lancifolium has exine of granulate sculp- 
ture but T. lanceolatum has multangular-starred sculpture exine. Palynology supports that the two species 
are treated as separate species. 

T. lanceolatum and T. recurvatum have very similar exine sculpture,i. e. starred sculpture, showing 
that the two species are closely related. The result gives support to Takahashi's view p. 

T. grandi florum is the only one example with spinulate sculpture in our study. According to Takahasi, 


T. ovatum and T. nivale also have spinulate exine sculpture. The similarity of exine sculpture shows that 
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they are closely related to each other. 

Relationship of asiatic species and North American species of Trillium. According to Takahashi, most 
species except T. govanianum have exine sculpture composed of granules, such as T. smallii, T. apetalon, T. 
kamtschaticum and T. tschonoskii. In our study, of 24 species examined, 19 species also have granulate 
sculpture. This suggests that they are closely related to each other. With regard to T. govanianum, Nair and 
Sharma (1965) reported that the pollen was monocolpate with “crystallate” exine surface and Takahashi 
described as "angular and striately sculptured". Haga and Watanabe (1966) reported that T. govanianum 
was an allotetraploid composed of two different genomes, neither of which is found in Japanese or 
American species of Trillium. They treated this species as Trillidium govanianum, a distinct genus, and so 
did Takahashi in 1983, he said "The isolated features in pollen morphology of Trillium govanianum sup- 
port the exclusion of the species from Trillium". Indeed, when we compared the SEM micrographs and 
description of North American species T. undulatum (Takahashi 1982, Figs 25— 28) with those of T. 
govanianum (Takahashi 1983, Figs 16— 17), we found that the two species have the same exine sculpture. 
In the pollen of T. govanianum, he said "exine ornamentation is clavate, characterized by projections which 
are sculptured striately and angular/Ü'and in T. underlatum he said "exine ornamentation verrucate, char- 
acterized by verrucae which are sculptured striately and are angulous". The descriptions show that the two 
species have the same exine sculpture. The resemblance in exine sculpture would suggest that T. 
govanianum and T. underlatum are closely related each other, and the exclusion of T. govanianum from 


Trillium is worthy of further consideration. 
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Appendix Species names and voucher specimens 


Trillium stamineum Harbison LAF (Herbarium of The University of Southwestern Louisiana) 
51581. 

T. decumbes Harbison LAF 43601. 

T. discolor Wray ex Hooker LAF 30931, S. Carolina. 
T. gleasoni Fern. LAF 65856 

T. grandi florum (Michx.) Salisb. LAF 71783. 

T. lanceolatum Boykin LAF 30927, S. Carolina. 

T. recurvatum Beck LAF 26853. 

T. catesbaei Eliott LAF 66016. 

T. flexipes Raf. LAF 55039. 

T. reliqum Freeman LAF 01, Georgia, Richmond. 

T. viride Beck LAF 7019, Missouri. . 

T. sessile L. LAF 69904. 

T. lancifolium Raf. LAF 16346. 


3 8 SiR: ERE REO dm TE 323 





T. maculatum Raf. LAF 65938. 

T. gracile Freeman LAF 46423. 

T. erectum L. LAF 46302, N. Carolina. 

T. vaseyi Harbison LAF 31385. 

T. texanum Buckl. LAF 44932. 

T. foetidi ssimum Freeman LAF 46439, W. Feliciana. 
T. ludovicianum Harbison LAF 72803. 

T. rugelii Rendle. LAF 16341. 

T. cuneatum Raf. LAF 43575. 

T. underwoodii Small LAF 43599. 
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Explanation of plates 


Plate I figs 1—4 Trillium stamineum, figs 2 & 4 showing partial areas of the frames in figs 1 & 3 
respectively and magnifying the frames 5 diameters; figs 5-6 T. discolor, fig 6 showing a partial 
area of the frame in fig 5 and magnifying the frame 5 diameters; fig 7—8 T. decumbens, fig 8 
showing a partial area of the frame in fig 7 and magnifying the frame 5 diameters; fig 9—10 T. 
gleasoni, fig 10 showing a partial area of the frame in fig 9 and magnifying the frame 5 
diameters; fig 11— 12 T. grandiflorum, fig 12 showing a partial area of the frame in fig 11 and 
magnifying the frame 5 diameters; fig 13—15 T. lanceolatum, fig 14 showing a partial area of the 
frame in fig 13 and magnifying the frame 5 diameters, fig 15 showing a partial wall surface sepa- 
rated from pollen grain, the magnification is the same as in fig 14; fig 16—17 T. recurvatum, fig 
17 showing a partial area of the frame in fig 16 and magnifying the frame 5 diameters. 

Plate II figs 1—4 T. catesbaei , figs 2 & 4 showing partial areas of the frames in figs 1 & 3 and magni- 
fying the frames 5 diameters; fig 5—6 T. flexipes, fig 6 showing a partial area of the frame in fig 
5 and magnifying the frame 5 diameters; fig 7—8 T. reliquum, fig 8 showing a partial area of the 
frame in fig 7 and magnifying the frame 5 diameters; figs 9—10 T. viride, fig 10 showing a partial 
area of the frame in fig 9 and magnifying the frame 5 diameters; figs 11— 12 T. sesslie, fig 12 
showing a partial area of the frame in fig 11 and magnifying the frame 5 diameters; figs 13—14 
T. lanci folium, fig 14 showing a partial area of the frame in fig 13 and magnifying the frame 5 di- 
ameters; figs 15—16 T. maculatum, fig 16 showing a partial area of the frame in fig 15 and mag- 
nifying the frmae 5 diameters; figs 17—18 T. gracile, fig 18 showing a partial area of the frame in 
fig 17 and magnifying the frame 5 diameters. 

Plate Ill fig 1—2 T. erectum, fig 2 showing a partial area of the frame in fig 1 and magnifying the 
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frame 5 diameters; figs 3—6 T. vaseyi, figs 4 and 6 showing partial areas of the frames in figs 3 
and 5 and magnifying the frame 5 diameters; figs 7—8 T. texanum, fig 8 showing a partial area 
of the frame in fig 7 and magnifying the frame 5 diameters; figs 9—10 T. foectidissimum, fig 10 
showing a partial area of the frame in fig 9 and magnifying the frame 5 diameters; figs 11—12 T. 
rugelii, fig 12 showing a partial area of the frame in fig 11 and magnifying the frame 5 diameters; 
figs 13—14 T. ludovicianum, fig 14 showing a partial area of the frame in fig 13 and magnifying 
the frame 5 diameters; figs 15—16 T. cuneatum, fig 16 showing a partial area of the frame in fig 
15 and magnifying the frame 5 diameters; figs 17—18 T. underwoodii, fig 18 showing a partial 
area of the frame in fig 17 and magnifying the frame 5 diameters. 

Plate IV (A) T. stamineum, x 10 000; (B) T. decumbens, x 15 000; (C) T. discolor, x 17 000; (D) T. 
gleasoni, 17 000; (E) T. grandiflorm, x 8 000; (F) T, lanceolatum, x 12 000; (G) T. recurvatum, 
x 20 000; (H) T. catesbaei, x 10 000; (I-K) T. sessile, I x 2 500, J & K x 10 000; (L-N) T. 
erectum, L x 3000, M & N x 8000; (O) T. vaseyi, x 10 000; (P) t. texanum, x 8 000; (Q) T. 
foetidissimum, x 15 000; (RÌ T. rugelii, x 12 000. 
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